The United States suffers roughly 100 opioid-related overdose deaths every day. Drug overdose deaths are now the leading cause of death for adults under 50, two-thirds of which are caused by opioids ([@bib2]; [@bib39]; [@bib42]; [@bib45]). The rise in opioid overdose deaths was originally explained by increased opioid prescriptions, which contributed to the development of opioid use disorders and the initiation of non-prescribed opioids such as heroin ([@bib4]; [@bib5]; [@bib8]; [@bib9]; [@bib11]; [@bib13]; [@bib23]; [@bib26]; [@bib30]). Increasingly, people who develop opioid use disorders initiated with heroin ([@bib11]). The gradual introduction of fentanyl into heroin markets in 2013 led to a dramatic increase in overdose deaths ([@bib39]; [@bib42]; [@bib44]).

These factors do not fully explain why opioid-mortality rates vary across regions and between socioeconomic groups ([@bib15]). In 2015, the overdose mortality rate in Appalachia was 65 percent higher than the rest of the country ([@bib33]). Less-educated white males suffer overdose deaths at such a high rate that it has lowered their overall life expectancy ([@bib10]). Recent studies argue that socioeconomic factors such as unemployment, low social capital, economic or family distress, and high dependence on mining industries explain this variation. ([@bib25]; [@bib35]; [@bib41]; [@bib47]). This study contributes to this growing debate by exploring the impact of a previously overlooked economic factor: job losses caused by international trade. Trade-related job loss is a distinct phenomenon that represents the closing of local factories and the loss of relatively well-paid manufacturing jobs, and also disproportionately harms the same region and demographic group at the heart of the opioid epidemic ([@bib16]; [@bib17]; [@bib28]; [@bib32]). This study also investigates how the association between trade-related job losses and opioid-related overdose deaths changes when fentanyl - a powerful synthetic opioid - is present in the local heroin supply.

This study also contributes to debates in the social sciences concerning the negative consequences of free trade. Scholars have long focused on the positive effect of international trade on the overall economy, while also noting that it causes layoffs and bankruptcy for some groups ([@bib43]; [@bib12]). Recent influential work by [@bib3], [@bib48]), demonstrates that these negative impacts of trade are actually highly localized, with layoffs, unemployment, and lower wages concentrated in specific labor markets. This study furthers our understanding of the local consequences of international trade by looking beyond wages and employment levels to the potential impact on opioid-related overdose death.

In this paper we review existing research on the socioeconomic factors associated with opioid overdose before describing a theory for the unique importance of trade-related job losses. We then present quantitative analysis of county-level data from the United States from 1999 through 2015, including numerous robustness tests. We argue that understanding the opioid epidemic requires interdisciplinary work on economic policy, just as understanding the negative consequences of free trade requires interdisciplinary research on public health (e.g. [@bib35]; [@bib40]).

Free trade, fentanyl, and opioid overdose deaths {#sec1}
================================================

The opioid overdose epidemic is a national public health emergency affecting all regions, races, and genders, but the crisis is heavily concentrated in Appalachia and among less-educated white males ([@bib15]). We argue that it is not a coincidence that the same region and socioeconomic group have suffered the brunt of the negative impact of international trade. U.S. trade policies place an uneven burden across the country, putting specific regions (those with manufacturing employment) and socioeconomic classes (low-skilled workers) at greater risk for harm from the opioid crisis. Likewise, trade puts downward pressure on the wages and job prospects of less-educated workers in manufacturing ([@bib18]; [@bib46]), the majority of which are white men ([@bib40]).

In general, job loss and unemployment increase the risk of depression and drug misuse, especially among less-educated workers ([@bib6]; [@bib22]; [@bib23]; [@bib37]). In the U.S., the short duration of unemployment benefits leads some laid-off workers indirectly to opioids. This happens when unemployed workers seek disability benefits, an application process that requires medical examination and increases the likelihood of being prescribed opioids ([@bib3]; [@bib36]). Once introduced to prescribed opioids, patients sometimes initiate the use of non-prescribed opioids such as heroin ([@bib8]; [@bib9]).

However, there are at least three reasons why trade-related job loss may have an even larger impact on opioid misuse than other types of economic distress. First, the jobs lost to international trade are overwhelmingly concentrated in manufacturing, a sector of the economy that provides relatively "good" jobs ([@bib17]). In 2016, manufacturing workers earned 13 percent more than comparable workers in the rest of the private sector and enjoyed better health insurance, retirement benefits, and higher rates of union membership ([@bib34]). These workers end up facing lower wages and benefits even when they find new employment, especially in the low-wage service sector ([@bib28]; [@bib16]). In 2010, for example, 76 percent of net job growth in the U.S. was in service industries that paid between 9 and 15 dollars an hour ([@bib7]).

Second, trade-related job losses are associated with the closing of local factories that inflict costs well beyond the workers who are actually laid off. In the wake of trade shocks, youth entering the labor market for the first time also find their employment and educational opportunities diminished in ways that negatively impact their future ([@bib19]). Previous research finds that family economic hardship leads to inconsistent parental discipline and increased drug use among adolescents ([@bib29]). Scholars also find that manufacturing employment is of unique economic and social significance to local communities ([@bib14]; [@bib24]), and that intense media coverage of trade-related factory closures may make such job losses particularly impactful ([@bib32]).

Third, the physical labor required of manufacturing employees leads many to suffer from chronic pain, use opioids during employment, and therefore face an increased risk of transitioning from prescribed opioids to heroin ([@bib11]; [@bib20]). In short, the jobs lost due to trade are relatively good jobs, and even when workers find new employment the resulting dislocation increases the risk of opioid-related overdose deaths ([@bib15]; [@bib35]). We therefore expect trade-related job losses to be positively associated with opioid-related overdose deaths, even when controlling for local economic conditions, such as the unemployment rate and other types of job losses.

The idea that economic hardship can harm public health is not new. In their seminal study of de-industrialization, [@bib24] argued that when northern factories in the "frost belt" closed down and relocated to the southern "sun belt," they left behind more than just unemployment; job losses devastated local tax bases, decreased spending on education, and increased alcoholism, suicide, and other public health problems. Recent research by Pierce and Schott demonstrates that trade with China has a similar impact, leading to increases in suicides and accidental drug poisoning deaths in the United States from 2001 to 2013 ([@bib40]). This paper complements these findings by focusing directly on opioid-related overdose deaths and analyzing more recent data, which permits us also to examine how the association between trade-related job loss and opioid-related overdose death has changed since the uneven introduction of fentanyl in 2013 ([@bib42]).

Data and methods {#sec2}
================

We conducted a time-series cross-sectional regression analysis study using publicly available data from the Centers for Disease Control (CDC) and the Department of Labor (DOL) for the years 1999 through 2015, the most recent year for which data is available for trade-related job loss.

Dependent variable {#sec2.1}
------------------

We use county-level data on opioid-related overdose deaths available from the CDC\'s National Vital Statistics System multiple cause-of-death mortality files. Following previous studies of the opioid epidemic, we classified drug overdose deaths using the International Classification of Disease, Tenth Revision (ICD-10), based on the ICD-10 underlying cause-of-death codes X40-44 (accidental poisoning), X60-64 (intentional self-harm), and Y10--Y14 (undetermined intent). Among the deaths with drug overdose as the underlying cause, we focus on those caused by opioids, as indicated by the following ICD-10 multiple cause-of-death code: opioids (T40.0, T40.1, T40.2, T40.3, T40.4, or T40.6); natural and semisynthetic opioids (T40.2); methadone (T40.3); synthetic opioids, other than methadone (T40.4); and heroin (T40.1). This data captures deaths from both prescribed and non-prescribed opioids. Since the CDC suppresses data for all county-years in which the number of deaths is fewer than 10, data is available for 820 counties.[1](#fn1){ref-type="fn"}

The study\'s main dependent variable - *Opioid Deaths* - therefore measures the number of opioid-related overdose deaths at the county-year level. According to the CDC, there were 308,846 opioid-related deaths across all US counties from 1999 through 2015. The 820 counties for which county-year data is available account for 238,876, or 77 percent, of these deaths. The highest absolute number of opioid-related overdose deaths hit Chicago and the surrounding townships in 2015, where there were 547 such deaths. In terms of per capita opioid-related overdose deaths, the highest rates are in the rural counties of West Virginia and Kentucky, where there was 1 death for every one thousand residents in recent years.

The total number of opioid-related overdose deaths in the U.S. has increased dramatically over time. In 1999, there were roughly seven thousand opioid-related overdose deaths throughout the country. By 2010, the number grew to nearly twenty thousand. In 2015, more than thirty thousand deaths were recorded. While some of this increase came from the counties initially reporting opioid-related overdose deaths in 1999, the epidemic has also spread to new counties. In 1999, only 153 counties reported opioid-related overdose deaths; by 2015 there were deaths reported in 612 different counties. The increase in total opioid-related overdose deaths, as well as the number of counties reporting such deaths, are displayed in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1**The growth and spread of the opioid epidemic**.Fig. 1

Independent variable {#sec2.2}
--------------------

To measure trade-related job losses, we use plant-level data from the DOL\'s Trade Adjustment Assistance (TAA) program ([@bib32]). This data includes every application submitted requesting compensation for trade-related job losses over a 17-year period (1999--2015). If the DOL determines that the layoffs were caused by international trade, it certifies the application and makes all included workers eligible to receive adjustment assistance from the federal government. The TAA data therefore provides a conservative estimate of trade-related job losses. There are high hurdles to clear for workers seeking to convince the federal government that their layoff was due to international trade ([@bib28]; [@bib27]). We can therefore be fairly confident that the regression results reported below are driven by trade-related job losses rather than technological change or a cyclical downturn in the business cycle.

The study\'s main independent variable - *Trade Layoffs* - represents the number of trade-related job losses at the county-year level. This variable is generated by aggregating all 24,732 certified petitions at the county-year level. According to this measure, there were 2,273,543 trade-related job losses during this period. While many county-years do not contain a single trade-related job loss, others witness tremendous layoffs. The largest shock of trade-related job losses hit Wayne County - home of Detroit, Michigan - in 2008; the county suffered 9859 trade-related job losses as U.S. Steel, General Motors, and other manufacturing firms decided to offshore jobs. International trade is associated with local plant closings and large layoffs; when counties lost jobs due to trade between 1999 and 2015, the average loss amounted to 235 jobs. Shocks of one thousand or more trade-related job losses hit individual counties 381 times, or roughly twice every month.

Despite the common narrative about trade shuttering factories in the rust belt, the negative effects of international trade are not concentrated in the post-industrial Midwest. Instead, as can be seen in [Fig. 2](#fig2){ref-type="fig"}, the burden disproportionately falls on Appalachia, a region made up of 420 counties across Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, Ohio, Pennsylvania, South Carolina, Tennessee, Virginia, and West Virginia. The cluster of dark-black counties in North Carolina, for example, tells the story of the dramatic decline of the region\'s furniture industry since the 1990s. This region once manufactured the majority of furniture produced in the United States and many counties in North Carolina relied heavily upon this industry for employment ([@bib38]). The loss of these jobs, combined with the region\'s high dependence on a specific industry, resulted in the country\'s highest levels of per capita trade-related job losses.Fig. 2Trade-Related Job Losses (per 10,000 Population) 1999--2015.Fig. 2

We estimate the presence of fentanyl using a binary measure for whether or not a county reported overdose deaths caused by synthetic opioids, the most prominent of which is fentanyl. To construct this proxy measure, we obtained county-level data on overdose deaths caused by synthetic opioids from 1999 to 2015. All counties that reported such deaths during this period were coded as having fentanyl present from 2013 to 2015, when recent research suggests fentanyl entered the heroin supply in the United States ([@bib21]). This binary measure of fentanyl is used in the models presented in the body of this paper.

As robustness tests, we also constructed three additional measures of fentanyl. First, we used CDC data on overdose deaths caused by synthetic opioids to construct a continuous, county-level measure of the relative presence of fentanyl. We calculated the percentage of opioid-related overdose deaths that the CDC attributed to synthetic opioids and used this ratio as a county-level measure of fentanyl from 2013 onward. Second, following recent research on synthetic opioids, we estimate that fentanyl was present in the heroin supplies of New England and Appalachia from 2013 onward ([@bib21]). This operationalization represents a simplified picture of fentanyl\'s more complex spread through regional heroin markets. Third, we code fentanyl as present from 2013 to 2015 in only those New England and Appalachia counties that reported synthetic opioid-related overdose deaths during the study period.

Control variables {#sec2.3}
-----------------

We obtained county-year level data on population and income per capita from the Bureau of Economic Analysis, and racial demographics and population density from the U.S. Census Bureau. All of these variables vary at the county-year level and are available from 1999 through 2015. We also control for state-level labor union density throughout the study period, since unions may influence workers' knowledge of the TAA program and their ability to apply for benefits ([@bib31]). In order to control for variation in opioid prescription rates we use data available from the Center for Medicaid and Medicare Services (CMS). This data is only available starting in 2006, so we use prescription rates from one year (2013) to capture county-level variation.[2](#fn2){ref-type="fn"}

In order to control for access to treatment for opioid dependency, we gathered data on the number of physicians certified to prescribe buprenorphine from the Substance Abuse and Mental Health Services Administration.[3](#fn3){ref-type="fn"} We also obtained unemployment rates and mass layoffs from the Bureau of Labor Statistics (BLS). By subtracting the number of trade-related job losses from this measure of mass layoffs we constructed a variable that measures mass layoffs unrelated to trade. Unemployment rates are available from 1999 through 2015, but BLS stopped collecting data on mass layoffs in 2012. Descriptive statistics for all variables used in the model are presented in [Table 1](#tbl1){ref-type="table"}.Table 1Descriptive Statistics.Table 1Trade LayoffsMass LayoffsUnemploymentPopulationIncome per capita(in thousands)(in thousands)(percent)(log transformed)(in thousands \$)Min.: 0.0Min.: 0.0Min.: 1.40Min.: 9.42Min.: 16.371st Qu.: 0.01st Qu.: 0.01st Qu.: 4.501st Qu.: 11.911st Qu.: 32.72Median: 0.002Median: 0.331Median: 5.70Median: 12.55Median: 37.76Mean: 0.180Mean: 1.497Mean: 6.30Mean: 12.59Mean: 39.753rd Qu.: 0.1503rd Qu.: 1.2993rd Qu.: 7.603rd Qu.: 13.323rd Qu.: 44.15Max.: 9.859Max.: 239.448Max.: 23.60Max.: 16.13Max.: 156.71N: 6138N: 6138N: 5250N: 6020N: 6020Pop. DensityCMSPrescribeRateOpioid DeathsUnionFentanyl~1~(per mile^2^)(percent filled)(percent)(binary)Min.: 0.002Min.: 1.681Min.: 10.00Min.: 1.90Min.: 0.01st Qu.: 0.1741st Qu.: 5.2351st Qu.: 13.001st Qu.: 5.801st Qu.: 0.0Median: 0.364Median: 6.355Median : 21.00Median: 11.70Median: 0.0Mean: 1.046Mean: 6.282Mean: 37.67Mean: 11.47Mean: 0.24353rd Qu.: 0.8913rd Qu.: 7.2733rd Qu.: 41.003rd Qu.: 16.103rd Qu.: 1.0Max.: 48.959Max.: 16.432Max.: 547.00Max.: 26.70Max.: 1.0N: 6020N: 6138N: 6138N: 6124N: 6138Fentanyl~2~Fentanyl~3~Fentanyl~4~White(binary)(binary)(percent)(percent)Min.: 0.0Min.:0.0Min.:0.0Min.: 20.401st Qu.: 0.01st Qu.: 0.01st Qu.: 0.01st Qu.: 74.30Median: 0.0Median: 0.0Median: 0.0Median:84.24Mean: 0.061Mean: 0.06Mean: 3.91Mean: 80.753rd Qu: 0.03rd Qu: 0.003rd Qu: 0.003rd Qu: 94.53Max.: 1.0Max.: 1.00Max.: 41.38Max.: 99.40N: 6138N: 5919N: 6138N: 6138[^1]

Statistical analysis {#sec3}
====================

We first compared the opioid-related overdose death rate in county-years that experienced above-average trade-related job losses to the death rate in county-years that did not. To control for other covariates, we examined the association between opioid-related overdose deaths and trade-related job losses using time-series cross-sectional regression analyses. Opioid-related overdose deaths and trade-related job losses both vary from year to year within each county, therefore the county-year is the basic unit of analysis. The dataset for the full model has 820 units (counties) and a maximum of 17 time periods (years). Due to missing observations for some county-years, the dataset is an unbalanced panel. The ordinary least squares (OLS) regression models reported below address the cross-sectional heteroskedasticity and autocorrelation associated with panel data by including a one-year lag of the dependent variable, state and year-level fixed effects, and robust standard errors clustered at the county-level.

In these OLS models, the dependent variable is logarithmically transformed so that the coefficients represent the relationship between a one-unit increase in the independent variable and a percentage change in opioid-related overdose deaths.

The main OLS regression model is: $$\begin{array}{l}
{\log\left( {OpioidDeaths} \right)_{ijt} = \alpha + \beta_{1}\ \log\left( {OpioidDeaths} \right)_{ijt - 1} + \beta_{2}TradeLayoffs_{ijt}} \\
{\mspace{9mu}\mspace{9mu}\mspace{9mu}\mspace{9mu}\mspace{9mu}\mspace{9mu} + \sum\limits_{k}{\beta_{k}Controls_{ijt}} + \sum\limits_{n}{\beta_{n}Controls_{jt}} + \sum\limits_{m}{\beta_{m}Controls_{i}} + \eta_{j} + \mu_{t} + є_{ijt}} \\
\end{array}$$where *i* denotes the county, *j* denotes the state, and *t* denotes the year. The *η*~*j*~ represent fixed effects at the state-level and the *μ*~*t*~ represent fixed effects and the year-level. The state fixed effects help address the possibility that opioid-related overdose deaths are driven by cultural, political, or healthcare-related factors that vary from state to state. The year fixed effects control for exogenous shocks that may increase opioid-related overdose deaths in any given year, such as the great recession, and also address the well-document secular worsening of the opioid epidemic. The year fixed effects also help to control for the possibility that the Department of Labor\'s tendency to approve TAA petitions may vary from year to year.

The coefficient associated with *Trade Layoffs*, β~2~, represents the county-level association between trade-related job losses and opioid-related overdose deaths. To the extent that laid-off workers may ultimately die in a different county, the model underestimates the total impact of trade-related job losses on opioid-related overdose deaths. This coefficient estimates the localized effect of trade-related job losses across counties, but it does not capture the effect of trade-related job losses on national opioid-related overdose deaths. Such national trends in total deaths are captured by the year-fixed effects; however, the model cannot distinguish the effect of trade openness from other national trends that influence opioid-related overdose deaths. Similarly, the analysis should not be interpreted as estimating the total effect of international trade on opioid-related overdose deaths. It is possible that counties that lose manufacturing jobs due to international trade also benefit from new investments and opportunities made possible by trade liberalization. The findings therefore only capture how the opioid-related overdose deaths are impacted by one aspect of international trade: the loss of local jobs.

We performed numerous robustness tests. First, we test three alternative measures of the presence of fentanyl. Second, to address possible selection bias generated by the suppressed CDC observations we performs three tests: propensity score matching; imputation of the suppressed observations; and substitution of the missing values with the extreme values of 0 and 9.[4](#fn4){ref-type="fn"} Third, we control for county-year opioid prescriptions rates and state-year buprenorphine providers, two variables that are not available for the entire period of study and thus significantly decrease the number of observations available. Last, we replicate the main findings using Poisson and negative binomial regression. These tests are further discussed in the [Appendix](#appsec1){ref-type="sec"}.

Main results {#sec4}
============

Trade-related job losses and opioid-related overdose deaths are both disproportionately concentrated in Appalachia. Although the region only contains 8 percent of the total U.S. population, it suffered 16 percent of trade-related job losses and 10 percent of opioid-related deaths from 1999 through 2015. We compared each region\'s percentage of national trade-related job losses to its percentage of total U.S. population, and Appalachia had a ratio (1.97) that was more than double the ratio for the rest of the country. Similarly, the region\'s percentage of national opioid-related overdose deaths to its percentage of the total U.S. population (1.19) is the highest in the country.

The positive association between trade-related job losses and opioid-related overdose deaths can be seen clearly in [Fig. 3](#fig3){ref-type="fig"}. This plot displays how county-level opioid-related overdose death rates differ between two subsets of American counties: those with trade-related job losses that are above average and those below. While the opioid epidemic has worsened over time for both groups, counties with higher levels of trade-related job losses consistently experience higher rates of opioid-related overdose deaths.Fig. 3The opioid epidemic and trade shocks.Fig. 3

Beyond this bivariate relationship, the regression analysis controls for numerous factors identified by previous studies as markers of risk for harm from opioids. The regression analyses present strong empirical support for this study\'s core argument: trade-related job losses are positively associated with opioid-related overdose deaths, and this relationship grows significantly stronger when fentanyl is present in the local heroin supply. On average, one thousand trade-related job losses are associated with a 2.7 percent increase in opioid-related overdose deaths. When fentanyl is present in the local heroin supply, the same number of trade-related job losses are associated with an 11.3 percent increase in opioid-related overdose deaths.

The main findings are presented in [Table 2](#tbl2){ref-type="table"}. Model 1 presents estimates from the main model, which includes *Trade Layoffs*, a one-year lag of the dependent variable, controls for various socioeconomic factors, and year and state-level fixed effects, and is estimated using data from 1999 to 2015. The positive and statistically significant coefficient on *Trade Layoffs* suggests that an increase of one thousand trade-related job losses is associated with a 2.7 percent increase in county-level opioid-related overdose deaths.Table 2OLS Regression Analysis of Opioid Mortality, 1999-2015. The dependent variable is the logarithmic transformation of county-level opioid-related overdose deaths.Table 2Model 1Model 2Model 31999--20151999--20121999--2015LagDV0*.*673^*\*\*\**^0*.*649^*\*\*\**^0*.*671^*\*\*\**^(0*.*015)(0*.*018)(0*.*015)Population0*.*213^*\*\*\**^0*.*216^*\*\*\**^0*.*211^*\*\*\**^(0*.*014)(0*.*017)(0*.*014)Income per capita*−*0*.*001*−*0*.*001*−*0*.*001(0.001)(0.001)(0.001)Unemployment0*.*011^*\*\*\**^0*.*014^*\*\*\**^0*.*012^*\*\*\**^(0*.*003)(0*.*004)(0*.*003)Trade Layoffs0*.*027^*\*\**^0*.*023^*\**^0*.*022^*\**^(0*.*009)(0*.*009)(0*.*009)CMSPrescribeRate0*.*014^*\*\**^0*.*015^*\*\**^0*.*013^*\*\**^(0*.*005)(0*.*006)(0*.*005)Pop. Density0*.*004^*\**^0*.*004^*\**^0*.*004^*\**^(0*.*002)(0*.*002)(0*.*002)Percent White0*.*002^*\*\**^0*.*002^*\**^0*.*002^*\*\**^(0*.*001)(0*.*001)(0*.*001)Union*−*0*.*0030*.*003*−*0*.*002(0.005)(0.006)(0.005)Mass Layoffs (non-trade)0*.*003(0*.*002)Fentanyl0*.*085^*\*\**^(0*.*028)Trade Layoffs:Fentanyl0*.*073^*\*\**^(0*.*025)State Fixed Effects*yesyesyes*Year Fixed Effects*yesyesyesN*531239625312*R*^2^0*.*8570*.*8500*.*857adj. *R*^2^0*.*8550*.*8470*.*855Resid. sd0*.*2990*.*3010*.*299[^2][^3]

Model 2 estimates the same model with the addition of a control for mass layoffs unrelated to trade. Since BLS stopped collecting and reporting this data in 2013, this model is estimated using the subset of data from 1999 through 2012. As predicted, trade-related job losses have a stronger association with opioid-related overdose death than do mass layoffs unrelated to trade. While the coefficient on *Trade Layoffs* remains positive and statistically significant, the coefficient on *Mass Layoffs* is only one-seventh the magnitude and is statistically insignificant. These first two models demonstrate a positive relationship between trade-related job losses and opioid-related overdose deaths that cannot be explained by differences in population, per capita income, unemployment rates, opioid prescription patterns, population density, racial demographics, mass layoffs unrelated to trade, serial correlation of death rates, overall time trends, or time-invariant characteristics of different states.

Model 3 introduces an interaction term between trade-related job losses (*Trade Layoffs*) and the presence of fentanyl in the heroin supply (*Fentanyl*), a binary variable that measures the presence or absence of fentanyl in the local heroin supply. The positive and statistically significant coefficient on the interaction term suggests that the relationship between trade-related job loss and opioid-related overdose deaths is stronger when fentanyl is present.

The results in [Table 2](#tbl2){ref-type="table"} are driven by variation in opioid-related deaths and trade-related job losses within, as well as between, counties. This approach is especially appropriate due to the nature of trade-related job losses. While dozens of counties suffered tens of thousands of trade-related job losses from 1999 to 2015, many counties were completely spared. A third of all counties did not suffer a single trade-related job loss during this period. Roughly half of counties suffered trade-related job losses in only one year during this period. Since so much of the variation in trade-related job losses is between counties, modeling strategies that focus narrowly on within county variation effectively discard large portions of the available data. In general, these models represent conservative tests of the basic relationship between trade-related job losses and opioid-related overdose deaths. As [@bib1] explains, including a one-year lag of the dependent variable on the right hand side of the regression equation can drastically reduce the estimated effect of other independent variables. Although this approach may lead us to incorrectly overlook some effects, we are unlikely to draw incorrect positive conclusions regarding the effect of trade-related job losses. As discussed further and presented in the [Appendix](#appsec1){ref-type="sec"}, these main results are consistent across a series of robustness tests.

The statistical analysis discussed above has several limitations. First, since individual-level data on trade-related job loss is not available, we analyzed data at the county-level. Further research is therefore needed to explore if the associated increase in opioid-related overdose deaths is driven by the individuals who lost jobs due to trade, or through effects on family or other community members. In addition, although the data for trade-related job losses is from certified TAA petitions to DOL, there may be regional or demographic biases that lead some eligible workers not to apply.

Second, the CDC suppresses data on opioid-related overdose deaths in the majority of U.S. counties. We addressed this data limitation with four different approaches - dropping suppressed county-years, propensity score matching, imputing the suppressed observations, and substituting the suppressed observations with the extreme values of 0 and 9 - all of which produced similar statistical results. The suppression of data also led us to choose a modeling strategy that analyzes variation within, as well as between counties, and leaves the analysis vulnerable to potential omitted variable bias. However, our findings are robust to including a one-year lag of opioid-related overdose deaths, which suggests that our results are not solely driven by cross-county differences.

Third, we used opioid prescription rate data from CMS that only covers Medicare and Medicaid patients and may not be representative of other types of patients. Last, our measure of access to treatment for opioid dependency - state-year-level number of buprenorphine providers - is unable to capture how such access varies within states. However, it is also possible that buprenorphine treatment during our period of study simply was not extensive enough to impact overdose outcomes.

Conclusion {#sec5}
==========

From 1999 through 2015, over three hundred thousand Americans died from opioid-related overdoses, with the highest per capita death rates hitting rural counties in Appalachia ([@bib41]). During this same period, over two million American workers lost their jobs due to international trade, with the highest concentration of job losses impacting the same region of the country. We used county-level quantitative data to further explore the relationship between international trade and the opioid epidemic in the United States. We found that one thousand trade-related job losses are associated with a 2.3 percent increase in county-level opioid-related overdose deaths. However, when fentanyl - a powerful synthetic opioid - was present in the local heroin supply, the same magnitude of trade-related job losses was associated with an 11.3 percent increase in opioid-related overdose deaths.

The positive relationship between trade-related job loss and opioid-related overdose death is well illustrated by Forsyth County, North Carolina. In March 2006, less than a year after the U.S. Congress approved the Dominican Republic-Central American Free Trade Agreement, Hanes closed a knit fabric factory, laid off 610 workers, and relocated production to plants in El Salvador, Honduras, and the Dominican Republic. This was just one of many factory closures in Forsyth County, which suffered 2215 trade-related job losses from 2006 to 2008. An increase in opioid-related deaths occurred following these job losses. From 2000 through 2005, the county averaged only 12 opioid-related deaths a year. Between 2006 through 2008, the county suffered an average of 25 deaths per year, a sudden doubling of opioid-related deaths. The number of annual deaths remained at roughly the same level over the next four years, until jumping to an average of 42 deaths after the introduction of fentanyl in 2013. As local Sheriff, Dane Mastin, explained to the Winston-Salem Journal, "the trend is getting worse in part because the bad economy, job losses and other problems are driving more people to seek escape in narcotics" (*Winston-Salem Journal*, 2009).

Although further research is needed to establish a causal connection, the above analyses demonstrate a positive association between trade-related job losses and opioid-related overdose, and that this association is significantly stronger when fentanyl is present in the local heroin supply. Though a framework was proposed, additional studies are needed to further explore the mechanism for this relationship. In addition to proximal strategies to reduce overdose including naloxone distribution, expanded treatment with pharmacotherapy for opioid use disorder, and judicious opioid prescribing, policy makers should also consider the role of macroeconomic factors - such as international trade - on opioid-related overdose mortality.

Ethics approval {#sec6}
===============

The Institutional Review Boards at our Universities (George Washington University and Boston University Medical Center) determined that the analysis of this data does not constitute human subjects research.

Appendix A. Supplementary data {#appsec1}
==============================

The following is the supplementary data to this article:AppendixAppendix
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For county-years that have non-suppressed data for opioid-related overdose deaths (more than 9), but the previous year\'s number of deaths is suppressed (less than 10), we impute 9 opioid-related overdose deaths for that observation. This represents a conservative approach, as it assumes the smallest possible increase from the previous year. Additional approaches are discussed in the [Appendix](#appsec1){ref-type="sec"}.

In the [Appendix](#appsec1){ref-type="sec"}, we demonstrate that the results are robust to including county-year level opioid prescription rates from 2006 to 2015, despite the large decrease in the number of observations available.

This data is only available starting in 2002. In the Appendix, we demonstrate that the results are robust to including the state-level number of buprenorphine providers from 2002 to 2015, despite the decrease in the number of observations available.

For propensity score matching, we defined the treatment as county-years that experienced trade-related job losses above the mean shock of 235 jobs. We matched these treatment observations with control observations based on county-year level population, income per capita, and unemployment rates. For data imputation, we obtained state-year data on opioid-related overdose deaths in order to calculate the number of such deaths suppressed from the county-year level data. We then imputed those suppressed deaths into the corresponding suppressed county-years based on population size. For further description of all robustness tests, see the [Appendix](#appsec1){ref-type="sec"}.

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.ssmph.2019.100409>.

[^1]: Based on county-years for which CDC data is available on opioid-related overdose deaths.

[^2]: Robust standard errors, clustered at county-level, in parentheses.

[^3]: *†* significant at *p\< .*10; ^*\**^*p\< .*05; ^*\*\**^*p\< .*01; ^*\*\*\**^*p\< .*001.
